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ABSTRACGT

Bottom fauna surveys of the Lower Sabine River in the vicinity of Orange,
f'exas were performed from 1967 to 1969. During this time samples were taken
hefore and after effluent from a black-liquor paper mill was discharged into the
Sabine River. Species diversity indices were determined for each station (one
sation above the discharge canal and four below it). The results obtained
indicated that the paper mill efffuent was not disturbing the river to a degree
that it would cause damage. However, the prozimity of Sabine Lake {an estuary)
and the very low flow often encountered on the Sabine River makes it imperative
that high standards be imposed in treatment of the waste water and that qualified
personnel make periodic studies on the river.

INTRODUCTION

'The establishment of a black-liquer paper mill and subsequent
discharge of effluent into the Lower Sabine River has required
consideration of a number of environmental problems unigue to
that portion of the river. These problems are: 1} Low or non-exis-
tent flow during part of the year; 2) A naturally high organic load
with concomitant below saturation level oxygen concentrations; 3)
A salt wedge intrusion which moves above the mill’s effluent outfal}
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during a part of the year; 4) The proximity of a shallow, wide
estuary which could become a “settling basin” for complex organic
compounds which are difficult to decompose. The only method for
disposal of the mill’s treated waste was quite obviously by way of the
river. Since the states of Louisiana and Texas have established
guidelines which set limits for the quality of the river water below
the plant’s outfall, it was necessary that both hiological and chemi.
cal analyses be made periodically, on the river water before and
after the beginning of production.

It is the purpose of this report to illustrate and discuss the efTects
of the mill efffvent upon the hottom fauna of that portion of the
river studied. This report will also point out some of the particular
effects of the environment upon the organisms.

MarrErIAL AnD METHODS

An extensive description of the materials and methods used i
collecting the bottom fauna has been described carljer (Hexrpioks
et al.,, 1969), however, a brief summary will be given,

The bottom fauna were collected with a Petersen dredge and
bottom fauna net, Approximately 15 samples were taken from cach
station. Samples were taken along the bank, in six fect {1.83 ni) of
water and at mid-channel. The samples were returned to a field Jab
for screening with #40 sieves. The organisms were preserved iu
formalin for later identification and enumeration,

Locamion axe Duscrirrion oF STUBY ARna

Figure 1 is a map of the Lower Sabine River. The map indicate
the location of the various sampling sites plus distances between the
stations. That portion of the river studied was subject to tidal action
(Rawson, etal., 1 566). The water had a light brown apperance and
a pH of approximately 7 (Rawsow, et al, 1966, U.S.(:.8.; 1967
The river was from 70-—100 feet (21.35—30.5 m) wide at Station
A, E. AB, and B with forest and marsh grass types of vegetation
along the shorelines. At Station € the widih of the river was appros-
mmately 300 feet (91,5 m) and marsh grass and cyprus frees swer
present. A more complete description of the area has been presentu!
carlier (HENDRICKS, et al., 1969).
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RESGLTS AND Discussion

Bottom Fauna

The battom fauna collected during the sampling periods of
1967—68 and 1969 together with the number of organisms are
given in Tables I—V. The organisms collected in 1967 were ta}ken
before the paper mill began discharging effluent into the river.
Yiation F was not established until the fall of 1968.

A small number of species and a large number of individuals were
always found at each station. This is usually indicative of poliut'cd or
semipolluted conditions (WiLnm & Doris, 1968). However, if one
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compares the data from 1967 {prior to effluent discharge} with
those of the remaining years, and also the data collected at Station
A above the outfall with that collected below the outfall, it becomes
obvious that the paper mill’s effiluent alone did not bring about the
situation of a low number of species and a high number of individu-
als.

The bottom fauna community structure found in the area pnder
study was developed under natural conditions and through natural
selection. The harsh environment of the river, ie, high and low
periodic flows, heavy organic loads, intermittent inundation by salt
water, coarse sandy bottoms, and periodic drops of oxygen levels,
has perhaps eliminated a large number of probable inhabitants.

Also, a lack of diverse habitats within the river would decrease the

number of species found. No pools or riffles occurred in the area of

the river under study. Therefore, many of the organisms generally
found in riffles and quiet pools would not have occurred. When
compared to other areas that have been recorded (Gaurmn &
Tarzwerr, 1956; Matms & DoRrgis, 1968; WurTz, 1955}, one can
deduce from the data that the natural environment of the river
contributed to the reduced diversity of the bottom fanna.

Species Diversity Indices

Table VI presents the species diversity indices derived from the
data presented in Tables I—V, These indices were calculated from
equations presented by WiLkm & Dorris (1968). The Table presents
the diversity and redundancy for each station. Diversity (d) refers to
the diversity of the bottom fauna community. A high species diver-
sity is usually encountered under natural conditions. Redundanc
(r) i1s an expression of the dominance of one or more species in
community. Therefore, it is evident that a high d value would yivlt!
a correspondingly Iow r value,

Indices of this type are very useful in pollution studies since thes
provide a non-biased numerical value for community diversity, Al
the technique does not depend upon the size of the sample (Wini
& Dorris, 1968). It should be pointed out, however, that indice
such as these are only comparable when orgamisms arc collectun
from similar habitats. WiLzy & Dorris (1968) suggested the follov-
ing guidelines for determining the degree of pollution of a strean
(1) values less than 1 would be indicative of pollated condition:.
{2) d values of 1-—3 would indicate semi-pofiuted conditions; 3
values greater than 3 would correspond with clean waters. ‘

Applying these guidelines to the d values in Table V1, it w.m;}c! b
assumned that semi-polluted conditions existed at all sampling *(°
tions. However, the d values are quite consistent (about 2) throue’s
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Organis

Insects
Hexagenia sp.
Cuaenis sp.
Didymops sp.
Dromogomphus sp.
Samatochiora sp.
Aphyplia sp.
Tolebasis sp.
Hetaering sp.
Mucromia sp.
Enallogma sp.
Gamphidus sp.
Sialis sp.
Tendipes sp.
Chapborus sp.
Pentaneura sp.
BElmidae (Tamily)
Probezzia sp.
Phyplocentropus sp.
Psychomyia sp.
Hesperocoriza sp.
Dubiraphia sp.
Curculionidae {Family)

Crustaeceans
Mysis sp.
Gammarus sp.
Unidentified sp. (Decapoda)
Sphacroma sp.

Annelids
Lumbriculus sp.
Branchiuris sp.
Lumbricidae (Family)
Lycastoides sp.
Naidium sp.
Helobdella sp.

Moltuscs
Polymesoda sp.
Unidomerus sp.
Unidentified sp. (Gastropoda)
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Tapre I

Organisims Found at Station A

1967
9—12

1968
4—29

1968
G103

1969
8—27

Insents
Hexagenia sp.
Caenis sp.
Didymops sp.
Dramagomphus sp.
Somatochiora sp.
Aphylla sp.
Telebasis sp.
Hetaerina sp.
Magcromia sp.
Enallogma sp.
Gomfrhidis sp.
Stalis sp.
Tendipes sp.
Chaoborus sp.
Penianeura sp.
Elmidae {Family)
Probezzia sp.
Phyloeentropus sp.
Psychompia sp.
Hesperpeorixa sp.
Dubiraphia sp.
Curculionidae (Family)

Crustacceans
Mysis sp.
Gammarus sp.
Unidentified sp. (Decapoda)
Sphaeroma sp.

Annelids
Lumbriculug sp.
Branchiuris sp.
Lumbricidae (Family}
Lycastoides sp.
Nuidium sp.

Helobdella sp.

Molluscs
Polymiesoda sp.
Ulniomerus sp.
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Tasre I1
Creganisms Found at Station K

1968 14964
5-13 8-27
Insccts
Hexagenia sp. 11 71
Caenis sp. 1
Gomphus sp. 12
Hydrophilus sp. 1
Pentanenra sp. i12 4}
Chasborus sp. 4
Crustaceans
Gammarus sp. I
Sphacroma sp. 1
Mysis sp. 7
Annelids
Branchivra sp. 26 78
Lumbricudus sp. 130
Lumbricidae (Family} 12
Helobdella sp. 1
Molluscs
Polymesoda sp. I
Totals 316 213

out the data, suggesting semi-polluted conditions before discharging
of waste and at a station above the discharge ditch. Rather than
assuming that some man-made pollutant was depressing the d value.
it is suggested again that the natural condition of the river was such
that a large number of species could not develop. The only dats
that suggests the classical situation of a clean zone, poliuted zone.
and recovery zone {WorTz, 1965) comes [rom the 1969 sampling
period. The comparatively high d value at Station A {above thr
outfall), a decrease ind value at E (immedidately below the outfall .
and an increase in d farther down the river indicated an effect on
the biota from the mill waste. And indeed this may be trae, however.
it can hardly he shown to be unequivocal for a number of reason:
(1) the d value for the 1969 sampling period are all greater thay
those of the fall 1968 sampling period. 1f waste were polluting th:
stream, the argument could be made that since more waste had hecy
discharged into the river {total amount) at the time of the 190"
sampling period than had been discharged in the fall 1868, then i]f‘
d value should be higher for the fall 1968 period than the fall 110"
period; {2) The d values for the 1969 period exhibited practicall
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Organ

Ingects

Hexpgenia sp.
Apfiylla sp.
Macromia sp.
Ophiogomphus sp.
Tendipes
Pentaneura sp.
Probezzia so.
Pyralididae {Family)
Chasborus sp.
Dubirathia sp.
Nofonecta sp.
Neocorixa sp.
Hesperocorixa sp.

Crustaceans
(Fammarnis sp.
Mysts sp.

Annelids
Lyeastoids sp.
Pristing sp.
Branchivra sp.
Lumbriculus sp.

Helobdella sp.

Motiuscs
Polymesoda sp.
Mytilopsis sp.
Unioidae {Family)
Margarilifera sp.
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TasLe 111
Organisms Found at Station AB

1967 1968 1968 1969
Q14 4-—30 9.—11 8—28

IR
2 24 21 172

Hexagenia $p. i

Aphiplla sp. |

Vacromia Sp.

Ophingomphies sp. I

Tendipes

Pendaneura sp.

[robezzia so.
peralididae {Family)

(haoborus sp. 1

Dubiraitia sp.

Nblonecta sp.

Neacovixa sp. 1

Hesperocorixa sp. I3

31 71 173 129

rustaceans
Ciummarus Sp. 3
Mysts sp.

wimelids
Fyeastords sp.
Pristing sp.
Branchinra sp-
Lumbriculus sp. 3
Helobdella sp.

]
o0
L
oo
ot
[RE I

violluses
Polymesoda sp. 30
Mytilopsis sp.
Unioidae (Family)
Margaritifera sp.

o5 e

Fotals

the same patterns as the T values for the 1967 period; (3) All of the
T values for the 1969 period were above 2 (except at Station Cys (4)
The 1 values for the 1969 period are quite similar {except at Station
(%) and even appear to contradict the d values (the higher the d
value, the lower the r value). T values from Station C have not been
included in the above discussion. The environmental conditions at
Station C are completely different from those at the other stations,
therefore, it is rather hazardous attempt any comparisons. It should
be pointed out that it would be very difficult to show any effect of
mill waste at Station C due to the remoteness of the station from the
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Tasre IV
Organisms Found at Siation B

1967 1968
6—13 51

1968

§—12

1k

Insects
Hexagenia sp.
Cagnis sp.
Aphylla sp.
Gomphus so.
Macromia sp.
Dubirathia sp.
Sialis sp.
Probezzia sp. 1
Pentaneura sp .
Tendipes sp.
Chaoborus sp.
Tahanidae (Family)
Phyloceniropus sp.
Rhantus sp. i

48

(SR )

4

(&)

oot

Crustaceans
Gammarus sp. 10
Mysis sp.
Aselbus sp.
Sphaeroma sp. 17

| g
LT v o LT

Annelids
Lycastoides sp.
Lagonerets sp.
Helpbdella sp.
Brunchiura sp.
Lumbricufus sp. 6
Naidium sp.
Lumbricidae {Tamily)

—
=
n
P
— LD

w

Molluses
Polymesoda sp. 49
Mitylopsis sp. 8

330
i

283

20
1

51

Totals 240 320

outfall and the influence of other factors; that is, salt water, wist

from other sources, etc, {HENDRICES, et al., 1969).

it is difficuit to explain the high d vaues of the spring 1968 period
and since samples could not be taken in the spring of 1969 one cie
not say if the pattern would have reoccurred. One can speculat.

802

i

however, that the larger number of species could have been

attribute of the life cycle of bottom organisms or could have resu
from increased flows which may have transported the organisms i
from areas farther up the river (ANDERSON & LEHMKUHL, 1964
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Crganisms .

R
b

)
2

Tnsects

i : Hexagemia sp.

i Caetia 50
Aphylla sp.

! Tendipes sp.
Pendaneura sp.
Siphlonurus sp.
Psychomyia sp

! Anlhripsodes 3p.

" Chaoborus sp.

rustaceans
Cammarus 5p.
Sphaerema sp.
Mysis sp.
Unidentified sp. ( Decapoda)

~

Annelids
Lumbriculus sp.
Lycostoides sp.
Laeonerets sp.
Lumbricidae (Family}
Avolosoma sp.

Molluses
Polymesoda sp.
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TaBLE V
Organisms Found at Station ¢

1967 1968 1968 1969
9—15 5—2 9—-14 8—28
Insects
Hexagenia sp, 38
Caenta sp. p 3
Aphyplla sp. 1 4
Tendipes sp. i3 2
Pentaneura sp. 5 96 233 245
Siphlamurus sp. 5
Pyychomyta sp !
Anithripsodes sp. 1
Chavborus sp.
Urustaceans
Gammarus sp. 36 5 67 4
Sphaeroma sp. 2
Mysis sp, i I3 26
Unidentified sp. { Decapoda } 18 2
Annelids
Lumbriculus sp, 4 i
Lycostaides sp, 5 7 2
Lacanereis sp, 5 2 3 it
Lumbricidae {Family) 2 Z
Aeolosoma sp. )
Molluscs
Polymesoda sp. 1 4 1
Fotals 72 169 347 297
Concrusions

Bottom fauna have been used for many years as indicator orga-
aisms in pollution studies. This very diverse group of organisms lend
themselves very well for studies of this type (Wirem, 1967; Wurtz,
1955}, They form rather stable communities, are easy to collect and
identify and exhibit different tolerance levels to polluting agents. Tt
is also quite easy to formulate species diversity indices from these
organisms {Wirmm, 1967). However, species diversity within this
group will reflect not only conditions of environmental alteration
by man, but natural conditions also (WrLru, 1967). This is to say,
that in a habitat such as the Lower Sabine River, the infrequent
natural phenomena, such as periodic high flow and salt wedge
intrusions, may have much the same effect as polluting agents. Saly
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Tasre VI

Species Diversity of Bottom Fauna Collected from
Sabine River for Fall 1967, Spring 1968, Fall 1968
and Fall 1969

Date Station d ri
9--12-67 A 2.68 0.43
9-14-67 AB 2.15 024
9-13-67 B 2.1 0.47
9-15-67 C 1.89 0.20
4..29-68 A 2,77 0,40
4-30-68 AB 263 0.29
5- 1-68 B 3.24 0.27
5- 2--08 : 2.04 049
9-10-68 A 177 .34
9-13-63 g 1.70 0.42
9-.11-68 AB 175 0.53
9-12-68 B 2.06 0.46
9-14-68 H 1.68 4.59
8-27-69 A 2,73 6.38
8-27-69 it 2.09 0.40
8-28-69 Al 2.12 0.36
8-26-60 B 2.25 0.37
8-28-69 C 1.03 0.71
d = Species Diversity

r# = Redundancy

wedge intrusions occur during periods of low stream flow SWeh
corresponding high osmotic gradients and low oxygen levels survival
becomes extremely difficult for fresh water organisms. 1f one wor
sampling in an area where a salt wedge was present, he would find
few organisms (Parrick, 1962; HenDRICKS, et al., 1669). Findiu

few organisms under these conditions could hardly be attributed o

man-made pollutants.
One also must consider the location of the sampling site in th

river where samples are to be taken when studying a river such a

the Sabine. Samples taken along the banks and areas cutsicle th

main channel will invariably vield more organisms than those takes
at mid-channel (Prrevan & WairgResD, 1929; HENprICKS ¢t al
1969). This is due primarily to the types of bottom sediments. b the
Lower Sabine River, sediments of debris and mud are found alon

the banks and shallow areas. At mid-channel a coarse sand is found

The shallow areas provide idcal habitats for the bottom prganisin.
Therefore, samples taken from this area would yield many organie
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yya taken during the past three years from the Sabine River
——— ate that the natural stresses placed upon the bottom fauna have
Lo T LIy depressed the population diversity. It is difficult to speculate
i o1 ., the future effects on the hottom fauna from continued dump-
5 (.0 A paper mill wastes. If the harsh conditions of the river have
15:) i;j; .1:1(_‘(‘.(1.? very hearty group of orgalnisms, perbaps they will be
0 withstand exposurc to polluting agents without adverse
77 04 o If, on the other hand, the bottom organisms are in the
}J;‘; 6.29 Lrious position of being alble to barely tolerate the natural con-
o (‘im;fj ~s. then the extra stress m?posc.d by the mill’s pollutants could
o e proverbial straw. Certainly it would be to the benefit of the
77 05 - if the first supposition is true and the data does tend to sub-
70 0.4 iate this; however, the last supposition must be given the highest
73 0.53 sty
j;; :;if; (Oiher aspeets of effluent discharging that have not been consider-
st which should be are the possible effects the waste will have on
73 e sibine River Estuary. The proximity of the mill’s outfall to the
i 40 v is such that much of the material from the plant could
])i l‘;?i‘ ‘4o at the estuary virtually unchanged. Due to the reduced move-
1 0o 1 of the water and change in chemical environment when these
v compounds reach the estuary, 1t would be possible and proba-
i the compounds to seitle to the bottom of the estuary. A
A-up of such compounds would certainly have a detrimental ef-
Cupon the estuary. {For the purpose of clarification it should be
o streim (o o ;Lm'd out that the paper mill is meeting its discharge permit for
T xvon ].T\\-“ : Seable _sehds.) T'his prol?ic‘.m can only b.e reso!vcd. by allowing
otk AN ent with the lowest possible loads to be discharged into the river.
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will be discharged. That is, during high flows on the river, disch... -

times would be optimum,
5. Due to the proximity of the mill’s outfall to the Sabine R

estuary and the natural tendancy of such bodies of water 16 -
natural catch basins, it becomes imperative that the best po..

treatment facilities be employed by the paper mill
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